Liver involvement was retrospectively evaluated in 137 patients with murine typhus. Fifteen (10.9%) were jaundiced. One patient had been subjected to cholecystectomy after misdiagnosis of acute cholecystitis. Serum aminotransferase levels were abnormal in 48/52 measurements, and there were elevations of > 5-fold in 14 patients. Liver biopsies and/or necropsies from four jaundiced patients showed portal tract and sinusoidal infiltrates, cloudy swelling/and necrosis of the hepatocytes and occasional pseudogranuloma formation. There were striking mitoses even in the early stage, suggesting rapid hepatocellular regeneration. Haemolytic diseases (G6PD deficiency or haemoglobinopathies), alcoholism, and a second infection probably also contributed to the pathogenesis of jaundice in murine typhus. This rickettsiosis should be included among differential diagnoses of acute hepatitis in patients exposed to areas endemic for Rickettsia typhi.
Introduction
Murine (or endemic) typhus is a zoonosis caused by Rickettsia typhi. Domestic rats are the reservoir hosts, and man usually contracts the disease from the rat flea Xenopsylla cheopis.^' 2 The disease is characterized by an acute febrile illness with or without skin rash. 1 " 3 Enzymic changes indicative of hepatic involvement are frequently mentioned. 4 " 6 A study during the Vietnam War reported that serum transaminase level was elevated in 19% of patients. 6 The mean elevation was 3.8-fold, with a range of 1.4-15-fold greater than the normal upper limit for transaminase. 6 The changes may be so striking as to suggest viral or drug-induced hepatitis, or even a biliary tract infection. 4 "* However, the pathological basis for the abnormal liver function has not been elucidated, because very few patients with this disease die. 1 ' 2 In this report, we describe the hepatobiliary manifestations of this disease together with their clinicopathological correlations. Ultrasonography of the liver and gall bladder performed in four patients showed biliary sludge in only one. The rest were unremarkable. Patient 1, who presented with fever, right upper quadrant pain and hypotension was subjected to laparotomy for presumptive diagnosis of acute cholecystitis with sepsis. No biliary-tract stone was found at surgery. Liver biopsy was done in this patient and patient 11, and two more liver necropsies were performed in patients 2 and 10.
Methods

Liver pathology
The histological changes (Table 4) consisted of infiltrations of polymorphonuclear neutrophils (PMNs) into the hepatic sinusoids. On the biopsy obtained during the first week of illness, the sinusoidal infiltration was massive, with intrahepatocellular cholestasis (Figure 1 ). There were varying degrees of PMN and lymphocytic infiltration of the portal tracts and central vein regions. The hepatic lobules were intact. The hepatocytes showed cloudy swelling and prominent nucleoli. Prominent mitoses were observed ( Figure 2 ). In some areas, there was scattered acidophilic hepatocellular necrosis ( Figure 2 ). Pseudogranulomatous inflammation was seen surrounding the necrotic hepatocytes ( Figure 3 ). In the late and treated cases, the liver specimens showed cloudy swelling, fatty changes, minimal sinusoidal infiltrates and minimal mitosis. The Kupffer's cells were hypertrophic. Extramedullary haemopoiesis was seen in patient 10.
Discussion
Sporadic case reports have mentioned serum hepatic enzyme elevation in murine typhus. 4 " 6 ' 17 The changes may be so striking as to suggest drug-induced hepatitis. 4 The presence of fever, jaundice, abdominal pain and elevated serum alkaline phosphatase level led to cholecystectomy for presumed acute cholecystitis in one of our patients. Such manifestations leading to laparotomy have been reported previously in other rickettsial infections; Rocky Mountain and Mediterranean spotted fevers. 18 ' 19 The abdominal pain was attributed to rickettsial vasculitis involving the gall bladder. 18 We could not demonstrate the vasculitis lesion in the resected gall bladder. AST, aspartate aminotransferase (reference interval 0-37 U/l); ALT, alanine aminotransferase (reference interval 0-40 U/l); AP, alkaline phosphatase (reference interval 39-117 U/l). Total bilirubin was >22.5 u,mol/l in 15/52 patients, and 85.5 u.mol/1 in four. Alternatively, the abdominal pain might have been caused by abdominal muscular involvement, which is common in murine typhus. 2 A similar case subjected to appendectomy has been reported. 2 Biochemical evidence of hepatic injury was common in this study, although clinical jaundice was observed in a minority of cases. The liver enzyme elevations were moderate, but at times were marked. We also observed striking mitoses of the hepatocytes, suggesting rapid regenerative activity in liver section obtained as early as the fifth day of illness. This is compatible with a report of the transient (1-3 weeks) course of liver injury in murine typhus. 4 ' 6 The abundant mitotic pictures were quite similar to those seen in leptospirosis 20 and other rickettsial infections. However, the microscopic damage did not seem to be as severe as that seen in Q fever hepatitis, and the characteristic granuloma which occur in the latter disease were absent. 21 Instead, only aggregates of mononuclear cells around foci of liver cell necrosis were found. Sinusoidal infiltration was a constant finding, while portal-tract involvement was variable. These findings are compatible with the known tropism of the rickettsiae for the sinusoidal endothelial cell. 22 ' 23 All the histopathological changes resemble the descriptions of the liver in another rickettsial infection, Mediterranean spotted fever. 24 ' 25 Lack of toxic hepatitis pictures 26 also does not support the previously proposed hypothesis that the elevated liver enzyme levels in murine typhus might be caused by ingestion of frequent doses of acetaminophen. 4 The transient (1-3 weeks) elevation of serum transaminaise levels in murine typhus 4 ' 6 also contrasts with the more prolonged course usually observed in patients with viral hepatitis A, B and C. Liver infection by the rickettsiae was probably not the sole explanation for jaundice in some of our patients. Underlying liver disease such as alcoholism 25 or a second infection, which is not rare in Southeast Asia, 27 ' 28 might also have contributed to hepatic injury. In addition, the increased bilirubin values probably originated, at least partly, from haemolysis in 6/15 jaundiced patients. The presence of extramedullary haemopoiesis in liver biopsy also supported the evidence of haemolysis. Glucose-6-phosphate dehydrogenase (G6PD) deficiency, thalassemias and haemoglobin E disease were the underlying erythrocytic abnormalities predisposing to haemolysis in three patients. The normal G6PD test in the other two patients also did not exclude G6PD deficiency status because the methaemoglobin reduction test can be normal shortly after the haemolytic episode. 29 This erythrocytic enzyme deficiency state has previously been associated with increased severity in Rocky Mountain and Mediterranean spotted fevers. 30 ' 31 Although similarly severe haemolysis in murine typhus has been reported in a G6PD-deficient Black American, 29 the adverse effect of G6PD or haemoglobin phenotypes on this rickettsiosis has not been established. It is interesting that the 10.9% occurrence of jaundice in our series of 137 patients with murine typhus is strikingly higher than the corresponding figure of 0.3% from two combined series of 306 patients from the USA. 1 ' 2 It is unclear whether this discrepancy may be accounted for by the high prevalences of G6PD deficiency (9.3%), 32 haemoglobin E disease (9%), 33 and thalassemias (16.3%) 33 in the general population of Southern
Thailand. Further studies comparing clinical complications among patients with normal and abnormal G6PD or haemoglobin status are required to establish whether erythrocytic abnormalities may modify the course of this rickettsial infection.
In conclusion, murine typhus may be associated with abnormal liver function test or jaundice. The disease should be included among differential diagnoses of acute hepatitis in patients exposed to areas endemic for R. typhi.
